ABSTRACT
INTRODUCTION
Anterior cervical discectomy with fusion (ACDF) is a major surgical modality for the treatment of degenerative cervical spine diseases. However, many reports have shown evidence of the development of junctional degeneration adjacent to fused levels due to increased biomechanical stress.
1-5 Adjacent segment degeneration (ASD) was observed radiographically in up to 50% and clinically in up to 15% of patients who were followed for more than 5 years after fusion surgery. 1, 3, 6 Currently, cervical arthroplasty using various implants has been suggested as a substitute for ACDF. The fundamental rationale for cervical arthroplasty is the motion preservation of treated segments, which could reduce ASD.
Although many favorable clinical results have been reported, cervical arthroplasty still demands careful patient selection and good knowledge of spinal functional anatomy and biomechanics. The main concerns are whether disc replacement CERVICAL ARTHROPLASTY prostheses demonstrate actual motion preservation in vivo and whether they maintain sagittal alignment in the long term.
The purpose of this retrospective study is to quantify radiographically the segmental angle and range of motion (ROM) of a cervical replacement, the Bryan disc (Medtronic Sofamor Danek, Memphis, Tennessee) , at the affected and adjacent segments, and to evaluate the relationship between preoperative factors such as the age of the patient and preoperative ROM and postoperative clinical factors such as the clinical outcome and radiographic findings including postoperative ROM in the patients followed for an average 2 years. From March 2004 to May 2005 patients with degenerative cervical spine disease, including soft and hard disc disease, as confirmed by various radiological studies, consecutively underwent cervical arthroplasty using a one type of disc prosthesis by a single surgeon (C.K.P.) at our institute. There were 16 men and 11 women of ages ranging from 35 to 61 years (mean age: 50.43 ± 9.43). All patients had a history of failed conservative treatment of at least 3 months in duration. Exclusion criteria included osteoporosis, prior surgery at the treated level, an infectious condition, severe multilevel spondylosis, pregnancy, and neoplastic disease. Following standard anterior cervical discectomy, implantation was performed as described by Goffin et al. 7 Clinical outcomes were assessed by an independent third party (unaware of relevant patient details) using the visual analogue pain scale (VAS) and neck disability index (NDI) scores. Follow-up intervals ranged from 12 to 32 months (mean: 25 months).
MATERIALS AND METHODS
Radiographic images were obtained for all patients preoperatively, at 1 month and 1 year postoperatively, and at final follow-up. Images obtained at each time point consisted of anteroposterior (AP), lateral, flexion, and extension films. Detailed radiographic assessments were performed on digital radiograph images displayed on a PACS (Picture Achieve and Communication System) terminal (Marosis 2003, Marotech, Seoul) , and angles were measured using a program in PACS. Angles of functional segment units (FSUs), global angles (from the lower endplate of C2 to the inferior endplate of C7), and adjacent segment angles were measured. Flexionextension segmental ROM was measured at all affected and adjacent levels. ROMs were determined from differences between flexion and extension angles. Global ROMs and FSU heights ( Figure 1 ) were also measured.
Measurements were performed twice by 2 independent observers (fellow spinal surgeons not involved in the surgeries), and average values were calculated. All radiological values were compared pre-and postoperatively.
Statistically, FSU ROM at the index level was assessed in relation to age, gender, and preoperative ROM. The relationships between FSU ROM and the changes in VAS and NDI scores (ie, differences between preoperative and final follow-up values) were also analyzed. In patients that underwent 2-level surgery, average values were used. SPSS for Windows (version 11.0.1; SPSS Inc., Chicago, Illinois) was used for the analysis, and results were considered statistically significant at the P < .05 level.
RESULTS
One-level or 2-level operations were performed in 24 and 3 cases, respectively. Overall, a total of 30 segments were operated on: C4-5 in 4 cases, C5-6 in 21 cases, and C6-7 in 5 cases. At final follow-up, mean VAS and NDI scores had significantly decreased from 8.33 ± 1.52 to 1.10 ± 0.99 (P = .001) and from 50.0 ± 31.8% to 18.4 ± 11.8% (P = .001), respectively.
The changes in average FSU, adjacent segment, and global angles are shown in Figure 2 . FSU angles were significantly reduced from 2.85° ± 3.27° to 1.03° ± 5.74° (P = .012) at 1 month postoperatively, and were maintained at final followup. The correlation study between the pre-and postoperative FSU angle suggested that smaller preoperative angle was related to smaller final segmental angle (Spearman r = 0.352, P = .078). 
CERVICAL ARTHROPLASTY
On the other hand, global angles increased with time from 14.54° ± 10.32° to 18.36° ± 11.10° to become more lordotic (P = .003; P =.017 after Bonferroni correction). Regarding postoperative changes in segmental angles at adjacent segments, angles increased from 2.60° ± 3.04° to 3.40° ± 4.11° (P = .272) at upper segments and from 5.19° ± 3.13° to 5.91° ± 3.53° (P = .394) at lower segments, but without statistical significance (Table 1) .
Mean FSU ROM decreased from 6.96° ± 2.03° to 6.60° ± 2.18° at 1 month postoperatively, and then increased significantly to 8.93° ± 3.53° (P = .014; P = .0312 after Bonferroni correction) at final follow-up (Table 2) . With regard to the time course of ROM changes at non-treated adjacent segments, ROMs at upper and lower segments did not change significantly, ie, from 7.95° ± 3.51° to 8.25° ± 2.74° (P = .699) and from 5.07° ± 2.56° to 5.71° ± 2.46° (P = .458), respectively. At one month postoperatively, global ROMs decreased from 40.25° ± 13.51° to 31.20° ± 10.24° (P = .001, P = .003 after Bonferroni correction), but increased to the preoperative level at final follow-up (Figure 3) . FSU heights showed no preoperative to postoperative change (3.51 ± 0.21 to 3.49 ± 0.22 at final follow-up, P = .701) ( Table 3) .
Among the variables examined, only the age factor appeared to be related to postoperative FSU ROM with statistical (Table 4 ).
There was no statistically significant relationship between the extent of improvement in VAS or NDI score at the last followup and postoperative FSU ROM. (Spearman r = -0.036, -0.074; P = .860, .718, respectively).
DISCUSSION
Since the 1960s, various clinical experiences with cervical disc arthroplasty have been published, and recently, several motionpreserving cervical prostheses have become commercially available. The Bryan cervical disc was developed in the early 1990s, 8 and its clinical use was first described by Goffin et al. 7 This cervical disc is a single-piece, metal-on-polymer prosthesis comprised of a polycarbonate/polyurethane core between two porous coated endplate shells, all encapsulated by a polymer sheath. It is a bi-articulating, unconstrained device with a fully variable, instantaneous axis of rotation.
The early clinical reports of this disc prosthesis were encouraging. Goffin et al. 7 described the preliminary clinical results of 60 patients who underwent cervical arthroplasty using this disc. According to their results, relief of preoperative symptoms was observed in 86% at 6 months postimplantation without measurable device subsidence. Duggal et al. 9 assessed early clinical outcomes for 30 Bryan disc prostheses in 26 patients using the physical component scores (PCS) of the short-form health survey SF-36 and NDI scores. They reported a statistically significant improvement in mean NDI scores (from 18.7 to 4.7) and in SF-36 PCS scores (from 34.58 to 46.28), at a mean follow-up point of 12 months postoperatively. Our study also demonstrates successful clinical results. Immediately postoperatively, mean VAS and NDI scores were significantly improved, and these were maintained at the point of final follow-up.
Several studies have discussed the radiological outcomes following insertion of the Bryan disc prosthesis. Pickett et al. 10 noted that motion was preserved in operated spinal segments up to 24 months following arthroplasty in 20 patients who underwent single or 2-level implantation. Mean postoperative ROM at the index level was 8.04° during early follow-up and 8.92° during late follow-up, which were not significantly different from the preoperative value of 8.89°. Duggal et al. 9 reported that mean postoperative ROM at the index level was 7.8° at late follow-up time points, which was not significantly different from the preoperative mean value of 10.1°. Shim et al. 11 stated that average ROM increased significantly after surgery (6.7° to 8.5°) in 61 patients, and Fong et al. 12 noted that the preoperative average ROM at index segments increased postoperatively (from 7° to 8°). These studies confirm that motion preservation can be achieved and maintained.
In the present study, FSU ROM at index segments also showed increases in segmental motion, from 6.96° to 8.93° at the point of final follow-up. These studies revealed that the age of the patients and the preoperative segmental ROM are valuable parameters for predicting postoperative FSU ROM, although these factors do not relate to the clinical outcome. As the age of the patient increased, cervical spondylosis including disc degeneration and facet arthrosis also were advanced, which contributed to decreased segmental motion. Results of these studies indicate that preoperative segmental motion is an important prognostic factor for cervical disc replacement in terms of motion preservation. If the segmental ROM is compromised preoperatively, arthroplasty would not be a very good option from the perspective of motion-preserving surgery.
Although contrary reports also exist, 7,9,13 sagittal malalignment of the cervical spine has been mentioned after Bryan disc prostheses placement.
11,12,14,15 Pickett et al. 10 noted a postoperative segmental kyphosis. According to their results, a reduced segmental angle was observed in 49% of 94 operated segments. Shim et al. 11 reported radiological results at an average follow-up of 6 months after Bryan cervical arthroplasty in 61 patients. It was found that mean segmental angles became more kyphotic after surgery (from 0.7° of kyphosis to 1.3°), but without statistical significance. Johnson et al.16 also alluded to similar segmental kyphosis, which demonstrated a loss of overall lordosis of 2.7 degrees. In our study, mean FSU angle decreased from 2.85° ± 3.27° to 1.03° ± 5.74° at 1 month postoperatively (P = .012) with statistical significance and then was maintained at final follow-up. Sears et al. 13 recently suggested that the occurrence of segmental kyphosis after Bryan cervical arthroplasty tends to depend on surgical technique. Possible factors that contribute to the development segmental kyphosis include amount of bone removal, angle of prosthesis insertion, prosthesis length, and loss of preoperative disc space height. Among these, the loss of preoperative disc space height is the most reliable predictive factor.
Loss of disc height depends on the amount of bone removed from the anterior aspect of superior vertebra and the amount of distraction achieved with the sagittal wedge. Although disc heights at index segments showed no statistically significant changes at the point of final follow-up in the present study, Fong et al. 12 postulated that the milling procedure used to fit for the Bryan disc prosthesis might have a basic problem. The milling trajectory should follow the line perpendicular to the tangent drawn along the posterior cortices of the adjacent rostral and caudal vertebrae. However, in the majority of patients, the normal disc angle is not perpendicular to the posterior tangent line, which results in asymmetric endplate milling. In our opinion, kyphotic malalignment could be mainly related to excessive preparation of endplates during the milling procedure. Excessive milling and asymmetric milling of endplates result in inaccurate implantation and sequential subsidence of the treated level and segmental kyphosis. Accordingly, in order to reduce these problems, the milling procedure must be approached carefully.
In the present study, despite decreases in FSU angles, preoperative global angles increased significantly at final follow-up. This may have been caused by a compensatory increase in the lordotic angles of upper and lower nontreated segments. Mean global ROM was lower at 1 month postoperatively, but almost reached the preoperative level at final follow-up. According to Pickett et al., 10 global ROM increased from a preoperative mean of 47.2° to 56.1° during late follow-up. They speculated that relief of neck pain during late follow-up allowed for increased neck movement in patients who had been symptomatic before surgery. In the present study, range of motion changes in upper and lower adjacent segments were minimal, which means that cervical arthroplasty with prostheses like the Bryan disc could minimize mechanical stress to adjacent levels. However, comparison studies with ACDF will be necessary to definitively determine the advantages of cervical disc arthroplasty.
CONCLUSIONS
Our results demonstrate that cervical arthroplasty with the Bryan disc for the treatment of cervical degenerative diseases can be clinically successful. Disc replacement also preserved motion postoperatively. The less preoperative segmental ROM is related to the less postoperative FSU ROM. And FSU ROM decreased as the age of the patients increased. However, these variables do not relate to the clinical outcome. The relationships between long-term outcome and these variables should be verified by a larger cohort study.
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